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In the present study, the occurrence of fungi and aflatoxins (AFs) in peanut and cashew nut samples was 
investigated. Mycological analysis revealed the presence of fungi in 58.8% of samples, and assessment 
of AFs by chromatographic methods revealed that 52.9% were contaminated by AFs. AFB1 was the 
principal component in all AF-contaminated samples, with a mean level of 14.0, and 1.08 µg/kg in 
peanut and cashew nut, respectively. Eleven samples (32.4%) exceeded the total AF maximum level (4 
μg/kg) and 8 samples (23.5%) exceeded the AFB1 (2 μg/kg) established by the European Commission. 
Our findings suggest that the incidence of AFs emphasizes the need for regular monitoring and a more 
stringent food safety system to control AFs at the lowest possible levels in peanuts and cashew nuts. The 
hypothetical dietary exposure suggests that the food products evaluated may significantly contribute to 
the overall human exposure.
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INTRODUCTION
Aflatoxins (AFs), difuranocoumarins, are toxic 
secondary metabolites produced by filamentous fungi that 
can contaminate a number of raw food commodities with 
consequent impacts on public health and the agricultural 
economy (Hussein, Brasel, 2001; Bumbangi et al., 2016). 
These mycotoxins are highly hepatotoxic compounds and 
can cause both acute and chronic toxicity in humans and 
other animals (Peraica et al., 1999; Wang, Lien, Lig, 2018; 
Nugraha, Khotimaha, Rietjensa, 2018). AFB1, AFB2, AFG1 
and AFG2 are the main types of AFs naturally found in 
foods. Among those, AFB1 is the most commonly found 
in food, is the most toxic, and was categorized as a Group 
1 carcinogen by the International Agency for Research on 
Cancer in 1988 (IARC, 1993). Of note, Aspergillus flavus, 
A. parasiticus and A. nomius are the main fungal species of 
AF producers (Villa, Markaki, 2009). Nevertheless, other 
Aspergillus and Penicillium species such as Penicillium 
puberulum have been reported to be capable of producing 
AFs (Hodges et al., 1964). Studies have shown the 
predominance of Fusarium spp., Penicillium spp., and 
Aspergillus spp. in Brazilian air samples (Gambale, 
1998; Almeida et al., 2002; Baquião et al., 2012), and 
the predominant soil fungi identified in Brazilian peanut, 
corn, and Brazil nut plantations are Penicillium spp. and 
Aspergillus spp. (Almeida et al., 2002; Zorzete et al., 2011; 
Baquião et al., 2012). 
Delegations from countries in which the climatic 
conditions lead to relatively high AF contamination in 
food wish to have standards by which higher levels of 
contamination are permitted, allowing trade of their 
products in world markets. Additionally, when stringent 
international standards are used, the populations of these 
countries are placed at a higher risk because products 
with low levels of contamination are exported, leaving the 
more contaminated, lower-quality products for domestic 
consumption (CAC, 2001; Agyekum, Joly, 2017). 
Nuts are known to be high-risk foods for AF 
contamination in Brazil, and these foods are considered 
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the largest export product in that country (Milhome et al., 
2014). Efforts are made to implement good manufacturing 
practices throughout the peanut and cashew production 
chain in Brazil and thus to guarantee that all nuts exported 
meet the conditions and comply with the AF limits specified 
in importing countries. In 2001, the major Brazilian peanut 
industries launched the “Pro-Peanut” seal, a program 
of self-regulation with a focus on prevention of AFs, to 
promote the production of peanuts within the national and 
international quality standards (Pró-Amendoim, 2012). 
However, not all companies are part of the program, and 
AFs in peanut and peanut products have continued to be 
a problem in Brazil (Rodriguez-Amaya, Sabino, 2002). 
Furthermore, there are no programs for monitoring the 
level of mycotoxins in cashew nuts.
Cashew nuts are an extremely important source of 
income for the people living in Northeastern Brazilian 
(Damaceno Júnior, Bezerra, 2002). Exportation of cashew 
nuts has great economic importance, especially in the 
States of Ceará and Rio Grande do Norte, which accounted 
for almost all of the sales of cashew shelled in 2012 
(IPECE, 2013). In addition to the roasted nuts, the local 
population and tourists also consume foods and drinks 
based on cashew apples, while the processed kernels are 
the principal exported commodity (Paula-Pessoa, Leite, 
Pimentel, 1995).
The present study evaluated the incidence of AFs 
and fungal contamination in peanut and cashew nuts 
commercially available in Natal, a city of the State of Rio 
Grande do Norte, located on the northeastern coast of 
Brazil. The research is of high importance to awareness 
of the need of the improve the system of inspection of 
AFs in food in Brazilian Northeast to ensure that the 
maximum allowable limits established are respected, 
thereby preventing economic and public health problems.
MATERIAL AND METHODS
Chemicals
The standards of AFB1, AFB2, AFG1 and AFG2 were 
purchased from Sigma (St. Louis, MO, USA). Methanol, 
chloroform, CuSO4, and silica gel 60 on TLC were 
supplied by Merck (Darmstadt, Germany). Formic acid, 
Trifluoroacetic acid, Chloramphenicol, and Sodium chloride 
were purchased from Vetec (RJ, Brazil). Toluene, ethyl 
acetate, celite and hexane were from Isofar (RJ, Brazil), 
CAAL (SP, Brazil), Diacel (SP, Brazil) and Dinâmica (SP, 
Brazil), respectively. Sabouraud and Potato dextrose agar 
were purchased from Himedia (Mumbai, India), while 
Chromagar Candida was from Difco (Sparks, MD, USA). 
Sampling
Peanuts and cashew nut sampling in Natal-RN-
Brazil was conducted between May 2013 and July 2014. 
Thirty-four samples were randomly collected from grocery 
and supermarket shelves, and included 22 samples of 
peanuts or peanut products (peanut crumbly candy), and 
12 samples of cashew nuts.
TLC determination of aflatoxins
TLC analysis was carried out as described by 
Rocha et al. (2008), based at AOAC (1999), with some 
modifications. Briefly, 40 g aliquots were taken from 
the samples, homogenized for 5 minutes in a blender 
with methanol (270 mL) and 4% KCl (30 mL), and then 
filtered through Whatman filter paper. Next, 150 mL of 
10% CuSO4 and 5 g of celite was added to 150 mL of the 
filtrate, and the mixture was homogenized and filtered. The 
purified filtrate (150 mL) was transferred to a separating 
funnel, distilled water (150 mL) and chloroform (10 mL) 
were added, and the mixture was shaken vigorously for 
3 minutes. The process was repeated twice more and 
the chloroform phases pooled to obtain the chloroform 
extract, which was evaporated in a water bath at 80ºC. 
Subsequently, the residue was resuspended in 500 μL 
of chloroform, and 10 μL was applied to a thin-layer 
chromatographic plate with a micro-syringe (Hamilton 
Microliter® Syringes, 10 μL), together with the aflatoxin 
standards. TLC was performed with toluene-ethyl acetate-
formic acid (60:30:10) as the mobile phase. The plates 
were observed under ultraviolet light at 366 nm.
HPLC-FD determination of aflatoxins
The extraction, clean-up and derivation of 
aflatoxins were based on the method described by Ding et 
al. (2012) and VICAM (1999) with some modifications. 
In brief, 5 g of finely ground sample was extracted with 
0.6 g of sodium chloride and 15 mL of a methanol: water 
solution (70:30 v/v) by ultrasonic bath (50°C) for 5 min. 
The extract was filtered using filter paper (Whatman No. 
4, USA), and 4 mL of the filtrate was mixed with 2 mL 
petroleum ether. The mixture was mixed using a vortex 
for 30 s and then let stand to separate into two layers. 
The lower solution (3 mL) was collected, diluted with 
8 mL pure water, mixed and filtered with an organic 
membrane (0.45 µm). The extracts obtained (8 mL) were 
applied to an Aflatest immunoafinity column (VICAM, 
Milford, USA) at a flow rate of one droplet every second. 
The column was then washed with distilled water (8 
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mL), and AFs were eluted with methanol (2 mL) into 
an amber vial. The eluate was evaporated to dryness 
under a stream of nitrogen gas. The purified extract was 
derivatized by adding 200 mL of hexane and 100 mL 
of trifluoroacetic acid, followed by 10 min incubation 
(40 °C). After evaporation to dryness under a stream 
of nitrogen, the dry residue was dissolved in a solution 
of water:acetonitrile:methanol (60:20:20, v/v/v; 1 mL) 
and filtered through a Millex PTFE 0.45 mm (Millipore, 
USA) for HPLC-FD quantitative analysis.
The HPLC equipment consisted of a Shimadzu 
LC-10ATvp (Kyoto, Japan) gradient system equipped 
with a Shimadzu SIL-10AF (Kyoto, Japan) auto-injector 
with a 20 µL loop and an LC-10AD pump. The column 
oven used was a Shimadzu CTO-10ASvp (Kyoto, Japan) 
operated at 25ºC. The detection was performed with an 
RF-10AXL fluorescence detector (Kyoto, Japan) set at 
360 nm (excitation) and 440 nm (emission). Separation 
was achieved by isocratic elution carried out with a mobile 
phase composed of water:acetonitrile:methanol (60:20:20, 
v/v/v), at a flow rate of 0.5 mL/min, with a Supelcosil 
LC-18 (150 x 4.6 mm, 5 µm) column protected by a 
similar guard-column (40 x 4.6 mm). Data acquisition 
and treatment were performed using Class-VP software 
(Shimadzu).
Daily intake and risk assessment for AFB1
The hypothetical dietary exposure for AFB1 was 
calculated as follow: Exposure (ng/kg-1 body weight (bw)/
day) = (contamination level X amount consumed)/bw 
(Ding et al., 2012). 
To risk assessment, the dietary exposure for AFB1 
was calculated as follow: Exposure (ng/kg-1 bw/day) = 
[median contamination level (14.0 or 1.08 ng/g of peanuts 
or cashew nuts, respectively) X amount consumed]/bw 
(Villa, Markaki, 2009). 
Fungal assay
To search for and isolate the fungal mycobiota, 
we applied the method of Silva et al. (2007) with slight 
modifications. Mechanically triturated samples (2 g) 
were resuspended in a saline solution (0.9 % NaCl; 1:10 
dilution). Subsequently, the suspension was vortexed for 
10 minutes and allowed to settle for 1 h. Next, 100 µL 
was seeded on the surface of Sabouraud Dextrose Agar 
(SDA) added to 50 mg/mL cloramphenicol plates and 
incubated at 25ºC for 3-5 days. Subsequently, colonies 
were macroscopically observed and purified for further 
identification. 
The microscopic study of filamentous fungi was 
based on the general morphology of the colony, aspect, 
texture, color (pigment diffusion), diameter, days of 
culture and other morphological features inherent to 
each fungus (Riddell, 1950). Next, microcultivation on 
potato dextrose agar (PDA) was used for the microscopic 
analysis. Identification of filamentous fungi was based 
on a comparison of fungal structures (conidia, vesicles 
and phialids) (Barnett, Hunter, 1972; Nóbrega, Suassuna, 
2004).
For yeast identification, yeast colonies were seeded 
onto the surface of CHROMagar Candida to check for 
purity and colony color. Petri dishes were incubated at 
30°C, for 48–96 h. The isolated yeasts were identified 
according to classical methods (Yarrow, 1998). 
RESULTS 
1. Mycological analysis
In the present study, the most important toxigenic 
fungi were isolated from peanuts and cashews and were 
analyzed (Table I and Figure 1). The mycological analysis 
revealed the presence of fungi in 58.8% of samples, as 
follows: Aspergillus spp. (29.4%), Rhodotorula spp. 
(17.6%), Penicillium spp. (5.9%), Candida albicans 
(2.9%), and Exophila spp. (2.9%). In 14.7% of the 
samples, the isolated filamentous fungi did not produce 
sporulation, despite the use of PDA for the induction of 
conidiogenesis. Therefore, they were considered Mycelia 
sterilia. Climatic conditions of Northeast Brazil (high 
temperature and relative humidity) may contribute to the 
contamination and the growth of fungi.
2. Chromatography analysis
The samples of peanuts, and cashew nuts were first 
screened by TLC analysis for AFs. Of the 34 samples 
analyzed, 52.9% were contaminated with AFs (Table I). 
The levels of total AFs, as well as the four individual AFs, 
in samples selected for TLC analysis were quantified by 
HPLC-FD. The occurrence and distribution of AFs in 
peanut, and cashew nut samples are presented in Table 
II. A typical chromatogram obtained for AFs in this study 
is shown in Figure 2. AFs were detected in 18 out of 34 
samples (52.9%) at maximum concentrations of 122.35 
µg/kg for AFB1, 130.91 µg/kg for AFB2, 2.87 µg/kg for 
AFG1, and 9.77 µg/kg for AFG2. AFB1 was the principal 
component in all samples in which AFs were detected, 
with a mean level of 11.1 µg/kg.
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TABLE I - Occurrence of fungi and aflatoxins in peanut and cashew samples marketed in Northeast Brazil (Natal, RN, Brazil) 
monitored by TLC analysis
Sample Nº Yeast fungi Filamentous fungi Aflatoxins detection
Peanuts
01 Candida albicans; Exophiala spp. - +
02 Rhodotorula spp. Myceliasterilia n.d.
03 Rhodotorula spp. Penicillium spp. n.d.
04 - - n.d.
05 - - n.d.
06 - - +
07 - Penicillium spp. +
08 - Mycelia sterilia n.d.
09 - - +
10 - - n.d.
11 - - +
12 Rhodotorula spp. - +
13 Rhodotorula spp. - +
14 - Myceliasterilia n.d.
15 - Aspergillus spp. n.d.
16 Rhodotorula spp. Aspergillus spp. +
17 Rhodotorula spp. Aspergillus spp. +
18 - Aspergillus spp. +
19 - - +
20 - - +
21a - - +
22a - - +
Cashew nuts
23 - - n.d.
24 - Aspergillus spp. +
25 - Aspergillus spp. n.d.
26 - - n.d.
27 - Aspergillus spp. n.d.
28 - - n.d.
29 - Mycelia sterilia +
30 - Aspergillus spp. n.d.
31 - - n.d.
32 - Mycelia sterilia +
33 - Aspergillus spp. n.d.
34 - Aspergillus spp. +
-absence of fungi growth; +presence of aflatoxins; apeanut crumbly candy; n.d.: not detected
3. AFB1 intake estimates
Most agencies have not set a tolerable daily 
intake for AFs because no threshold can be assumed 
for genotoxic carcinogens (Cano-Sancho et al., 2013). 
Nevertheless, Kuiper-Goodman (1998) estimated a 
Provisional Maximum Tolerable Daily Intake (PMTDI) 
of 1.0 ng AFB1/kg bw for adults and children without 
hepatitis B virus infection. AFB1 is the most potent 
natural carcinogen known, and risk assessment in of AFB1 
peanuts and cashew nuts examined in the present work was 
estimated for the consumption of 50 g by children (20 kg), 
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FIGURE 1 - Macromorphological and micromorphological aspects of fungi isolated from peanut, and cashew samples marketed in 
Northeast Brazil, after incubation on Sabouraud Dextrose Agar (SDA), at 25-30°C, for 3 to 5 days. A- Macromorphological aspects 
of fungal colonies. 1. Aspergillus flavus (yellow-green velvety colony with white reverse). 2. Penicillium sp. (grey-green furrowed 
colony with white reverse). 3. Exophiala sp. (wet, creamy, black yeast-like colony.) 4. Rhodotorula sp. (smooth to mucoid, salmon 
pink yeast colony) 5. Candida albicans (white-cream creamy colony) B- Micromorphological aspect of Aspergillus flavus (long 
conidiophores, hemispherical vesicle, biseriate or sometimes uniseriate phialides, smooth or slightly rough with long chains conidia). 
Micromorphological aspect of Penicillium sp. (conidia produced in chains from the tips of the phialides). Micromorphological 
aspect of Exophiala sp. (dematiaceous budding cells and torulose mycelium). Micromorphological aspect of Rhodotorula sp. 
(unicellular blastoconidia, lacking pseudohyphae and true hyphae). Micromorphological aspect of Candida albicans (blastoconidia; 
pseudohyphae and true hyphae may be present). 
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adolescents (50 kg) and adults (70 kg).
In Table III, the hypothetical dietary exposure 
of AFB1 for consumers in Natal-RN-Brazil is shown. 
Consumption of 50 g from the most highly contaminated 
peanut and cashew nut samples (122.35 and 2.79 ng 
AFB1/g, respectively) by a child (20 kg) led to an AFB1 
daily intake (305.88 and 6.98 ng AFB1/kg bw, respectively) 
that is approximately 306-fold (peanuts) and 7-fold 
(cashew nuts) higher than the PMTDI (1 ng AFB1/kg bw). 
Additionally, a consumption of 100 g by an adolescent 
(50 kg) displayed a daily intake of approximately 244-
fold (peanuts) and 5-fold (cashew nuts) higher than the 
PMTDI, and an adult (70 kg) leads to an AFB1 daily intake 
approximately 174-fold (peanuts) and 4-fold (cashew 
nuts) higher than the PMTDI. Consumption of the less 
contaminated peanut or cashew nut sample (0.35 ng 
AFB1/g) by children, an adolescent and an adult displayed 
a daily intake from 0.35- to 0.88-fold lower than the 
PMTDI. However, taking into account the consumption 
by an adult of 50 to 100 g of peanuts or cashew nuts 
contaminated with 20 or 10 ng/g (Brazilian legislation 
limit), respectively, the daily intake of AFB1 is from 7.14 
to 28.57 ng of AFB1 kg/bw. 
DISCUSSION
The isolation of Exophiala spp. has been previously 
reported in Brazil nuts (Freire, Kozakiewicz, 2005). 
However, to the best of our knowledge, this is the first 
report of the isolation of this genus of yeast from peanuts. 
Interestingly too, we detected either yeasts or yeast-
like fungi in 7 out of 34 (20.6%) of the samples. Despite 
the fact that AFs were never described for Candida, 
Rhodotorula, and Exophiala, all three genera are of 
medical interest (Hazen, 1995). Therefore, they should not 
be isolated from food that will be consumed by humans. 
Furthermore, Candida albicans belongs to the normal 
mycobiota of the gastrointestinal tract of humans and 
warm-blooded animals (Calderone, 2002). Therefore, 
the presence of this yeast in our samples indicated fecal 
contamination. 
Notably, we found a positive correlation between 
the presence of filamentous fungi and AFs in 8 out of 
34 samples (23.5%). The correlation between the level 
of substrates contaminated by fungi and the levels of 
AFs present was considered weak, suggesting that the 
presence of fungi in the samples does not necessarily 
TABLE II - Levels of AFB1, AFB2, AFG1, and AFG2 (µg/kg) found in peanut and cashew samples marketed in the Northeast Brazil 
(Natal, RN, Brazil) monitored by HPLC-FD analysis
Sample type Positive (incidence)
aB1 (µg/kg) aB2 (µg/kg) aG1 (µg/kg) aG2 (µg/kg)
bB1 + B2 + G1 + 
G2 (µg/kg)
Peanuts (22) 14 (63.6%) n.d. – 122.35 n.d. – 130.91 n.d. – 2.87 n.d. – 9.77 27.5 ± 44.7
Cashew nuts (12) 4 (33.3%) n.d. – 2.79 n.d. – 4.16 n.d. – 0.41 n.d. – 0.44 3.3 ± 2.3
aRange; bMean ± standard deviation; n.d.Not detect
FIGURE 2 - Chromatograms showing peaks of AFB1, AFB2, 
AFG1, and AFG2: (A) AFs standard mixture, (B) peanut, and 
(C) cashew nut by HPLC-FD.
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indicate an AF contaminated sample (EMBRAPA, 2007). 
However, integrated management from field to food or 
feed processing is necessary to find means of preventing/
controlling fungal growth and reduce the adverse health 
effects of AF (Torres et al., 2014). 
The highest level of AF (AFB1+AFB2+AFG1+AFG2) 
contamination has been detected in samples of shelled 
peanuts, followed by cashew nuts with a total concentration 
of 133.74, and 5.85 µg/kg, respectively. According to the 
regulation limits of AFs in Brazil (ANVISA, 2011) (20 
and 10 μg/kg in peanuts and cashew nuts, respectively), 
four peanut samples exceeded the regulatory limit, which 
was approximately 11.8% of all samples. However, 11 
samples (32.4%) exceeded the total AF maximum levels 
(4 μg/kg) and 8 samples (23.5%) exceeded the AFB1 
maximum levels (2 μg/kg) established by the European 
Commission (2010).
In addition to the fact that the rejection of AF-
contaminated consignments in European markets leads 
to economic losses, the control of the occurrence of AFs 
in foods is of great concern because these toxins have 
toxicological effects not only at high doses but also at 
low doses, as AFs have been shown to be potent human 
hepatocellular carcinogens at low levels of exposure. In the 
present study, 41.2% of samples had a level of total AFs in 
lower doses than that permitted in Brazil; therefore, even 
when released for consumption, continuous exposure to 
these types of food and other AF contamination increases 
the risk of developing chronic toxicity in consumers 
(Figure 3). 
Thus, consumption of samples contaminated with 
AFs in the mean level (14.0 or 1.08 ng/g of peanuts or 
cashew nuts, respectively) would be within the range 
of permissible contamination (except for exposure of 
children to 50 g sample of peanuts), and 14- to 28-fold 
higher of ng AFB1 kg/bw than the PMTDI. 
In the present study, the daily intake for all ages for 
peanuts and cashew nuts contaminated with AFB1 ranged 
from 0.25 to 305.88 and 0.25 to 6.98 ng AFB1/kg bw per 
day (daily consumption of 20 to 100 g), respectively. 
However, the risk of exposure to AFs depends on the 
concentration of these toxins in the food, the amount 
consumed, the frequency of consumption and the 
consumers’ preference. It is known that contamination 
with AFs in Brazil occurs in other popular foods such as 
rice (Silva et al., 2008), Brazil nuts (Reis et al., 2012), 
milk (Londoño et al., 2013), dairy products (Iha et al., 
2011), maize (Sabino et al., 1989; Manizan et al., 2018) 
and corn products (Kawashima, Valente Soares, 2006). 
Therefore, even if cashew nut and peanut consumption is 
not daily, these foods can contribute to the daily exposure 
to low doses of AFs.
TABLE III - Estimated dietary exposure for AFB1 (ng AFB1/kg bw/day)
Age Children Adolescent Adult
Body weight (kg) 20 50 70
Consumption of peanuts or cashew nuts (g)a 20 – 50 50 – 100 50 – 100
Mean 14.0 ng AFB1/ g peanut 14.0 – 35.0 14.0 – 28.0 10.0 – 20.0
Mean 1.08 ng AFB1/ g cashew nut 1.08 – 2.70 1.08 – 2.16 0.77 – 1.54
Most contaminated peanut sample: 122.35 ng AFB1/ g 122.35 – 305.88 122.35 – 244.70 87.39 – 174.79
Most contaminated cashew nut sample: 2.79 ng AFB1/ g 2.79 – 6.98 2.79 – 5.58 7.99 – 3.99
Less contaminated peanut/ cashew nut sample: 0.35 ng AFB1/ g 0.35 – 0.88 0.35 – 0.70 0.25 – 0.50
aEstimated daily consumption. Provisional Maximum Tolerable Daily Intake (PMTDI): 1 ng AFB1/kg bw/day.
FIGURE 3 - Incidence of AFs showing the importance of regular 
monitoring and a more stringent food safety system to effectively 
control the AFs at the lowest possible levels in peanuts and 
cashew nuts.
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CONCLUSION
A l t h o u g h  l e g i s l a t i o n  h a s  s e t  m a x i m u m 
concentrations of AFs in cashew nuts and peanuts in 
Brazil, our study showed that the incidence of AFs 
emphasizes the need for regular monitoring and a more 
stringent food safety system to effectively control the 
AFs at the lowest possible levels in peanuts and cashew 
nuts. Furthermore, the results suggest that citizens of the 
capital of Rio Grande do Norte, despite the low prevalence 
of hepatitis B surface antigen-positive individuals (virus 
that increases the risk of developing liver cancer), there is 
the possibility of ingestion of AFs in concentrations that 
result in exposure above the PMTDI, which can increase 
the risk of hepatocellular carcinoma.
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